Abstract: Fractures are the main pathways for fluid transport, which constrain the coalbed methane (CBM) reservoir permeability. Permeability is one of the key petrophysical parameters for CBM production. The fractures in the low and middle rank coals usually filled with minerals, which can significantly reduce the reservoir permeability. In this study, X-ray μ-CT combined with field emission scanning electron microscopy (FESEM) together with energy dispersive spectrometry (EDS) were used to quantitatively evaluate the features of fractures and minerals of FK sample (Ro,max 0.65%) and ML sample (Ro,max 1.49%) including morphology, complexity, volume and 3D structure, and its impacts on permeability. The results showed that fractures are well developed as observed in the samples FK and ML by the 2D cross section of X-ray μ-CT. Dolomite and kaolinite are common in the samples FK and ML as confirmed by FESEM images with EDS. Moreover, the 3D fracture structure including the open fracture and mineral filled fracture were reconstructed. The quantitative structural parameters (e.g. length, width, area and volume) of the fractures for these two samples were acquired by the commercial software Avizo 9.0.1. The middle rank coal of sample ML has larger fracture density (181 fractures per mm3) than that of the low rank coal of sample FK (104 fractures per mm3). Based on the reconstructured 2D and 3D fracture structure, the fracture complexity was evaluated through fractal dimension. And the impacts of mineralization in coals on petrophysical properties were evaluated, which show that the connectivity of fractures, porosity and permeability were greatly improved after demineralization. Therefore, this study may have implications for enhancing CBM recovery through demineralization.
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X-ray μ-CT scanning and FESEM-EDS 93
The CT measurements of the FK and ML samples were performed on the nanoVoxel-3502E 94 microfocus X-ray CT scan equipment. The cylindrical core samples (9.77mm in diameter and 95 15mm in length for sample FK, and 5.64mm in diameter and 10mm in length for sample ML) 96 was placed perpendicular to the sample couch, and was aligned in the center of the scanner 97 field of view. The X-ray source voltage and current were set to be 120KV, 36.67μA and 98 70KV, 40μA for the FK and ML samples, respectively. The CT equipment is able to produce 99 a voxel dataset containing a series of 2D slices with the resolution of 500 nm. The absolute permeability simulation can be conducted through Avizo XLab Extension with a 139 finite volume method. The equations used in the absolute permeability simulation are 140 discretized on a staggered grid to allow a better estimation of the no-slip boundary condition. 141 Before absolute permeability simulation, the isolated fracture space should be removed and and butt cleats (a1-2, b1-2 in Fig. 1 extensive, which were wider than butt cleats [26] . The face cleats were basically filled with 169 minerals, whereas no mineralization was observed in butt cleat (a1-2, b1-2 in Fig. 1) . 170 Cleat-filling minerals were epigenetic, which mainly precipitate along the face cleats from the 171 solutions with various compositions and temperatures [27] . 172 With the aid of energy dispersive spectrometer, the main fracture filling minerals of sample 173 FK and ML are identified as dolomite (a3 and a4 in Fig. 1 ) and kaolinite (b3 and b4 in Fig. 1) , 174 which indicates that the minerals were deposited by the movement of mineralized fluid 175 through the coal seam after the development of major fractures. Gypsum are widely spread in fractures of the two samples were presented in Table 2 and Fig. 3. 3D visualization of open 214 fracture and total fracture in different length scale were presented in Fig. 4 and 3D fractal dimension of total fractures in sample ML exceed those in sample FK after 247 demineralization for mineral-filling fractures. Therefore, the mineralization of sample ML is 248 more serious. The fracture connectivity is another important factor influencing permeability in coals. Fig. 9  268 show the 3D spatial distribution of connected/unconnected fractures of original samples (a1 269 and b1 in Fig. 9 ) and de-mineralized samples (a2 and b2 in Fig. 9 In this work, the absolute permeability simulation was conducted based on visualized 277 geometrical properties by micro-CT images [30] . The absolute permeability sharply increase 278 from 400 mD to 450 mD for sample FK and 0 mD to 740 mD for sample ML in the Y axis 279 after demineralization, and increase by 92% and 25% in Z axis after mineral removed, which 280
indicates that more connected fractures were provided for fluid flow. Therefore, 281
de-mineralization or acidification could be very important way for enhancing CBM 282 production. One thing that needs to clear is the result from numerical simulation varied 283 widely from laboratory result, which attribute to the significant interactions of gas, water and 284 fracture-wall that can significantly influence the permeability [31] . Pores that have been 285 neglected in the simulation also occur in coal, which also can make contribution to coal 2) The variable structure parameters (e.g. length, width) indicate that coal rank has significant 301 influence on fracture structure. The fracture density in medium rank coal (sample ML) is two 302 times than that in low rank coal (sample FK), while the structural parameters (average 303 fracture length, width, and volume) reduce as coal rank increase. The fracture structure 304 becomes more complex with the growth of fractal dimensions due to the matrix shrinkage and 305 overburden pressure during the coalification jump. 3) The permeability simulation reveals that the structural parameters (e.g. fracture porosity, 307 connectivity and permeability) of the fractures and the minerals have important impacts on 308 15 permeability. The volume of connected fractures and the porosity sharply increased after 309 mineral removal, which can significantly improve the permeability. Therefore, 310 demineralization or acidification can be used to increase the void space and connectivity of 311 the mineral-filling fractures, and will be favorable for enhancing CBM production. 312 
